, p < 0.001). In subgroup analyses by body mass index (BMI) (underweight/normal-weight: OR = 3.40, 95% CI 1.89-6.12, p < 0.001; overweight/obese: OR = 2.40, 95% CI 1.43-4.02, p < 0.001) and smoking status (former smoker: OR = 3.12, 95% CI 1.89-5.14, p < 0.001; never smoker: OR = 2.71, 95% CI 1.21-6.05, p = 0.020; current smoker: OR = 1.61, 95% CI 0.66-3.95, p = 0.300), significant positive associations were also observed. Results of the current analyses suggest that lifetime physical inactivity associates with HNSCC independent of BMI. In addition, physical inactivity may be a modifiable risk factor among never smokers. These data add to the growing body of evidence suggesting that physical inactivity may be an independent risk factor for cancer. 
Introduction
Head and neck cancers are the seventh most common cancers worldwide and the ninth most common cancers in the United States [1] . These tumors comprised the anatomic sites of the upper aerodigestive tract and most commonly present as squamous cell carcinoma [1] . In 2015, there were approximately 59,349 newly diagnosed cases and approximately 12,290 deaths attributed to head and neck cancer in the United States [2] .
The well-established risk factors for head and neck squamous cell carcinoma (HNSCC) include tobacco use, alcohol consumption, and human papillomavirus (HPV) infection [3, 4] . Tobacco use has declined in recent years in the U.S., suggesting that there may be a decline in tobacco-related HNSCC, while HPV-associated HNSCCs have increased [4] . In an era of potentially shifting risk factors associated with HNSCC, there is continued interest in identifying additional modifiable risk factors associated with these cancers. Recreational physical (in)activity represents a potentially modifiable factor that has been associated with risks of ovarian [5] , cervical [6] , lung [7] , endometrial, breast, and colon cancers [8, 9] . However, physical activity is not currently recognized as a protective factor for HNSCC, and the independent association of physical inactivity with HNSCC remains unknown.
Despite national guidelines encouraging Americans to avoid physical inactivity [10] , current reports suggest that 50-79% of Americans are insufficiently physically active during their leisure time [11] . To this end, researchers have called for more investigations of the associations between physical inactivity and cancer endpoints [12] , yet inactivity remains a behavioral risk factor which has not been routinely investigated as an exposure of interest in the current literature. Rather, under the prevailing paradigm, inactive participants are typically identified as the referent group and the independent associations of physical inactivity with cancer endpoints often remain unreported. From a public health perspective, we argue that inactive individuals could be a particularly important group to study, especially given the high prevalence of inactivity at the population level and the hypothesis that the greatest protective benefits can be achieved by increasing activity levels among inactive individuals [13] . Furthermore, there is a body of literature suggesting that self-reported physical inactivity is assessed with less exposure misclassification in comparison to incrementally higher levels of self-reported physical activity exposure [13, 14] , and that inactivity may associate with cancer endpoints independently of obesity [15, 12] .
As such, we conducted a hospital-based case-control analysis designed to systematically evaluate the association between HNSCC risk and lifetime physical inactivity. We also evaluated these associations according to subgroups based upon body mass index (BMI) classification, smoking status, and sex.
Methods

Study population
The study population included individuals who received medical services at Roswell Park Cancer Institute (RPCI) between 1990 and 1998 and participated in the Patient Epidemiology Data System (PEDS), a comprehensive data collection effort aimed at identifying epidemiological risk factors for cancer. The PEDS collection effort ended in 1998 when RPCI transitioned to a more comprehensive epidemiologic data bank and biorepository system. Nonetheless, the PEDS data remain a rich source of epidemiologic analysis opportunities, and analysis of these legacy data is ongoing. Participants in the current study were predominantly Caucasian (94%) and ranged from 25 to 90 years of age. Cases included 246 individuals diagnosed with primary, incident cancers of the head and neck region of squamous cell histology, who were identified from the RPCI tumor registry and Diagnostic Index. Controls included 504 individuals and were frequency matched to cases by five-year age strata with a control-case ratio of 2:1. Controls came to RPCI with a suspicion of malignant disease but were diagnosed with non-malignant conditions, including diseases of the genitourinary system (23%), circulatory system (26%), gastrointestinal system (18%), respiratory system (7%), and infectious and parasitic diseases (26%). The RPCI Institutional Review Board approved the conduct of this study, and all participants provided informed consent.
Epidemiological questionnaire
The PEDS questionnaire was a self-administered questionnaire offered to all new patients receiving medical service at RPCI between 1980 and 1998 as part of the admission process. A physical activity questionnaire (PAQ) was added to the instrument in 1990 ( Table 1 ). The questionnaire was offered independent of diagnosis and had an overall response rate of approximately 50% [16] . The questionnaire assessed detailed information on demographic background, health history, BMI, diet, tobacco use, alcohol consumption, and additional epidemiological variables.
Physical inactivity
The recreational physical activity section of the PEDS questionnaire comprised items assessing the age of onset of regular activity, the total years of regular activity, and the frequency of the activity (i.e., number of times per week or month). Recreational activity was defined as regularly exercising for health or pleasure in activities such as jogging, walking, or aerobics. We defined recreational physical inactivity in accordance with the 2008 Physical Activity Guidelines for Americans [10] . Thus, individuals reporting no regular, weekly, recreational physical activity throughout adulthood (on average, less than one session per week or less than four sessions per month) were classified as inactive. Conversely, participants reporting, on average, at least one regular, weekly session of physical activity throughout adulthood were classified as active.
Identification of confounding variables
We pre-specified age, sex, smoking history, and alcohol consumption as important variables for adjustment in multivariable logistic regression models. To examine additional potential confounding variables, we followed the methods described in Maldonado et al. [17] . Variables identified as being significantly associated with HNSCC in univariate logistic regression models were subsequently tested in an age-adjusted model. If age-adjusted estimates changed by more than 10%, the variable was considered a confounder and included in the multivariate model. Based upon these criteria, BMI and level of education did not meet the definition of confounding and therefore were excluded from multivariable-adjusted models.
Statistical analysis
T tests and Pearson's χ 2 were conducted to evaluate differences between case and control groups for continuous and categorical variables, respectively. Next, we utilized ageadjusted and multivariable-adjusted binary logistic regression models to estimate the odds ratios (OR) and 95% confidence intervals (CI) representing the associations of lifetime physical inactivity with HNSCC. Multivariable models were adjusted for age, smoking, alcohol consumption, and sex. In exploratory analyses, we conducted subgroup analyses by smoking status, BMI classification (BMI < 25 kg/m 2 and BMI ≥ 25 kg/m 2 ), and sex. All statistical analyses were performed using Statistical Analysis System (SAS) for Windows, version 9.4 and all tests were two-sided and considered statistically significant at p < 0.05.
Results
Descriptive characteristics of the study population are displayed in Table 2 . Anatomical sub-sites for HNSCC cases included the oral cavity (30.49%), the pharynx (29.27%), paranasal/accessory sinuses, middle ear and nasal cavity (3.66%), the larynx (33.74%), parotid gland (0.41%), and other or ill-defined sites of the head and neck (2.44%). As expected due to matching, we observed no significant differences in age between cases and controls (p = 0.958). Further, controls had a significantly higher education level (p < 0.001), consumed significantly fewer alcoholic drinks per week (p < 0.001), and were less likely to be current or former smokers in comparison to cases (p < 0.001). Finally, cases had a significantly higher proportion of participants that were physically inactive throughout their lifetime (p < 0.001). In multivariable logistic regression analyses, we observed a significant association between recreational physical inactivity and HNSCC risk overall (OR = 2.73, 95% CI 1.87-3.99, Table 3 ). In subgroup analyses by sex, we observed similar associations among both males and females as those observed in the overall study population: (OR = 2.08, 95% CI 1.29-3.37) and (OR = 4.00, 95% CI 2.07-7.73), respectively (Table 3 ). In subgroup analyses by smoking status, we observed positive associations between recreational physical inactivity and HNSCC risk across all groups, but the association did not reach statistical significance among current smokers: former smokers (OR = 3.12, 95% CI 1.89-5.14); never smokers (OR = 2.71, 95% CI 1.21-6.05); and current smokers (OR = 1.61, 95% CI 0.66-3.95) ( 
Discussion
In this case-control analysis, we observed evidence of a significant positive association between lifetime recreational physical inactivity and HNSCC risk. The observed association for recreational physical inactivity was robust to adjustment for relevant confounders, including smoking status and alcohol consumption, and the positive association was consistently observed in subgroup analyses by sex, smoking status, and BMI classification. While no previous studies have systematically examined recreational physical inactivity as a potentially modifiable behavioral exposure relative to HNSCC, five published studies of the association between physical activity exposure and HNSCC risk have yielded inconclusive results [9, [18] [19] [20] [21] . In a prospective cohort study, Hashibe et al. found that increasing hours of physical activity per week were associated with a decreased risk of head and neck cancer, with three or more hours per week associated with a 40% decrease in risk [18] . Similarly, in a pooled analysis of four case-control studies utilizing evidence from the International Head and Neck Cancer Epidemiology Consortium (INHANCE) moderate recreational physical activity was associated with a 22% reduction in risk for head and neck cancers [20] . A recent study by Moore et al. (2016) also observed a moderate protective effect of leisure time physical activity on head and neck cancer risk [9] . Conversely, two additional studies reported no association between physical activity and HNSCC risk [19, 21] .
Inconsistencies in how individual studies examined physical activity exposure in relationship to cancer risk may be due to insufficient statistical power, a mixture of participants with different activity levels in the referent groups [22] , or inherent measurement limitations when examining associations between incrementally higher levels of self-reported physical activity [23] [24] [25] . Not only is physical inactivity likely measured with less exposure misclassification than physical activity, it is an exceedingly important public health exposure which is scarcely examined as an independent behavioral construct. In fact, under the prevailing paradigm of examining dose-response associations of activity exposure, we often overlook an important segment of the activity continuum in terms of identifying those individuals who may be at greatest risk of cancer, and therefore those who may benefit the most from a public health intervention.
Although observational studies have suggested that the incidence of several types of cancer is reduced by regular physical activity, the biological mechanisms relating physical activity (or inactivity) and cancer risk are not entirely understood [26] . The most commonly cited potential mediators of these associations include changes in body fat, circulating reproductive hormone levels, alterations in cytokine and growth factor milieus, and alterations in immune function [26] . Physical activity may increase the levels of certain immune cells, including natural killer cells, monocytes, neutrophils, lymphocytes and eosinophils, leading to enhanced immune function [27] . Physical activity has also been shown to improve function of antioxidant pathways and improve tissue resistance to reactive oxygen species, decreasing DNA damage as a result of oxidative stress [27] . Interestingly, physical activity may also influence salivary immunoglobulin A (IgA) concentration. Physical activity has been associated with an increased concentration of salivary IgA and a decreased incidence of upper respiratory infections [28, 29] . Salivary IgA plays an important role in the immune system's first line of defense by protecting the mucosal epithelium from toxins and pathogenic colonization [29] . Therefore, it is possible that the increase in salivary IgA concentration observed with exercise also plays a role in inhibiting carcinogenesis of the head and neck. In subgroup analyses by sex, the association between HNSCC risk and recreational inactivity was stronger for females than for males. However, the observed confidence intervals were wide for females, suggesting that there was imprecision associated with estimates for females, likely owing to a smaller number of active cases. This relationship is contrary to the INHANCE results in which a stronger association was observed for males [20] . Females have a lower incidence of HNSCC [2] which may largely be attributed to a lower prevalence of smoking among females [30] . It should be noted that within this population of non-smoking females, HPV infection may contribute to the development of their HNSCC [4] . Nevertheless, some females with no tobacco history and who are HPV negative develop HNSCC, suggesting that recreational physical inactivity represents a modifiable risk factor that may be particularly effective in lowering females' risk for HNSCC, especially in the population of females with no tobacco history.
In subgroup analyses by smoking status, a positive association between recreational physical inactivity and HNSCC risk was observed for never and former smokers, with a stronger relationship among former smokers. Our data coincide with a previous study that also reported a stronger inverse relationship between physical activity and head and neck cancer among ever smokers [20] , thereby underlining the strength of association between physical (in)activity and head and neck cancer. We failed to observe a statistically significant association within current smokers, possibly due to the smaller sample size of current smokers (n = 138) compared to former smokers (n = 367) and never smokers (n = 244). It is also plausible that in this population, smoking accounts for the largest proportion of risk, and therefore any effect of physical inactivity is masked. Notably, among never smokers, after adjustment for alcohol consumption, there remained greater than twofold odds that cases were inactive throughout their lifetime. It should be noted that among never smokers HPV infection is an increasingly important cause of HNSCC [4] . Therefore, within this population of never smokers physical inactivity may not be the sole cause of their HNSCC, but may contribute to at least some portion of their risk for HNSCC. Recreational physical inactivity may represent an important modifiable risk factor among not only former smokers, but also among never smokers who lack any other major risk factors, including HPV infection, for HNSCC.
Finally, in subgroup analyses by BMI classification, we observed a significant positive association between recreational physical inactivity and HNSCC risk in both underweight/normal-weight and overweight/obese participants, with a stronger relationship among underweight/normalweight participants. Our data somewhat conflicts with data from a pooled analysis suggesting that a BMI ≥ 25 kg/m 2 was associated with a decreased risk of HNSCC [31] . It is possible that physical inactivity represents an exposure that exerts an effect on carcinogenesis via biological mechanisms that are at least partly independent of BMI, while at the same time working synergistically with BMI.
A key strength of this study is our use of lifetime inactivity as the exposure variable of interest. This approach allowed us to identify the most sedentary segment of the population and to systematically examine the association between lifetime recreational physical inactivity and HNSCC risk. In addition, the use of lifetime inactivity minimizes the probability that the associations observed in this study are due to a reverse causality bias. Another strength of this study is the careful examination of the potential effects of known risk factors of HNSCC and other potential confounders that could be closely associated with physical inactivity.
An important limitation of this retrospective analysis is that HPV testing, an established risk factor of head and neck cancer [32] , was not available at the time of this study. Additionally, we are limited by the self-reported nature of physical inactivity data. We also recognize the potential for misclassification as a result of a referent group containing individuals who may have participated in a wide range of activity. However, using physical inactivity, rather than activity, as the exposure of interest is likely associated with less misclassification [14] . Further, the use of hospital-based controls diagnosed with non-malignant diseases could limit the likelihood of differential misclassification occurring between cases and controls because all controls were diagnosed with non-malignant conditions that may impact an individual's physical activity, or recall of activity, in a way similar to a cancer diagnosis. Although the use of hospitalbased controls may limit the potential for differential misclassification, this approach could also result in a control population that is unhealthier than the general population. Therefore, it is possible that unhealthy controls with nonmalignant diseases would be more likely to report physical inactivity than the general population, which would have attenuated the observed associations between inactivity and HNSCC.
The current findings are also limited because we did not consider physical inactivity in other behavioral domains. While our primary focus was to examine recreational physical inactivity because it is a modifiable behavior, we did examine associations for occupational inactivity in exploratory analyses (results not presented). These findings were insignificant and similar with results of a previous study which determined that adjusting for occupational physical activity did not change the inverse association between recreational physical activity and HNSCC risk [20] . We also cannot account for explicitly sedentary behavior (i.e., hours of television viewing or reading) in these analyses, a distinct behavioral construct which is likely associated with cancer endpoints via similar physiological pathways as recreational physical inactivity.
Conclusions
The results of the current analyses suggest that lifetime recreational physical inactivity associates with HNSCC after adjustment for additional well-established modifiable risk factors. Notably, our data suggest that lifetime recreational physical inactivity associates with HNSCC among neverand former-smokers. We also observed consistent associations between recreational inactivity and HNSCC across both strata of BMI (BMI < 25.0 and BMI ≥ 25.0 kg/m 2 ). These data add to the growing body of evidence, suggesting that physical inactivity may be an independent, modifiable risk factor for cancer.
